The hypothesis that both perinatal events and stage of retinal development are important factors in determining the age at onset of retinopathy of prematurity (ROP) was tested by comparing gestational age at birth with postnatal and postconceptional age when ROP (using ICROP) was first seen. The study population consisted of 207 infants (111 placebo (P) treated, % vitamin E (E) treated) who developed ROP among a group of 914 premature infants (460 P, 454 E) enrolled in a randomised clinical trial of the effect of prophylactic use of vitamin E at pharmacological serum levels on incidence and severity of retinopathy. The mean postnatal age at onset of retinopathy was delayed in E treated infants compared with P treated infants by 1.4 weeks (t=4.004, p<0-0001). For both P and E treated infants postnatal age at onset of ROP (which reflects the state of retinal development at which birth insults occur) and postconceptional age at onset of ROP which defines state of maturity) were correlated with gestational age at birth. This suggests that both the event of premature birth and the extent of retinal development are important in determining when ROP will first be observed. In this report the relationship ofthe postnatal age when retinopathy of prematurity (ROP) was first observed is compared with postconceptional age at first observation of ROP for infants born between 26 and 35 weeks of gestation. This observation provides insight into factors controlling initiation of abnormal vascularisation in the immature retina which characterises ROP. We also report the influence of the antioxidant vitamin E (E) on the onset of ROP. The data that permit this analysis are derived from a group of 914 infants with birth weights (BW) of less than 2001 g or less than 37 weeks gestational age (GA) who were enrolled in a double blind, randomised clinical trial designed to evaluate the prophylactic use of E at pharmacological serum levels (5 mg/ ml) in decreasing incidence and severity of ROP.
In this report the relationship ofthe postnatal age when retinopathy of prematurity (ROP) was first observed is compared with postconceptional age at first observation of ROP for infants born between 26 and 35 weeks of gestation. This observation provides insight into factors controlling initiation of abnormal vascularisation in the immature retina which characterises ROP. We also report the influence of the antioxidant vitamin E (E) on the onset of ROP. The data that permit this analysis are derived from a group of 914 infants with birth weights (BW) of less than 2001 g or less than 37 weeks gestational age (GA) who were enrolled in a double blind, randomised clinical trial designed to evaluate the prophylactic use of E at pharmacological serum levels (5 mg/ ml) in decreasing incidence and severity of ROP. Infants were treated prophylactically with either placebo (P) or E.
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The study was Previous reports of this trial' 2 employed the Schaffer-Quinn classification and included the 13 P treated and three E treated infants who developed ROP not severe enough to be characterised as ROP in the ICROP classification. These infants are not included in the analysis when ICROP is used. Table 1 shows the similar distribution between P and E treated infants for BW and GA as randomised3 and between those groups of P and E treated infants who developed ROP. The differences noted between P and E treated infants are not significant. For the entire study population there were no significant differences between inborn vs outborn status, 1 and 5 minute Apgar scores, or any of the recognised risk factors for ROP such as respiratory distress syndrome, bronchopulmonary dysplasia, patent ductus arteriosus, or intraventricular haemorrhage. The decrease in incidence of ROP associated with E treatment as well as the increased incidence of sepsis and necrotising enterocolitis in infants with BW of less than 1500 g who received prophylactic pharmacological E treatment for more than 7 days has been previously reported.' Figure 1 presents, on the y axis, the postnatal age (weeks) at first observation of ROP in the right eye of 111 P treated and 96 E treated infants compared with their GA at birth. The best fit regression lines for the two populations are also shown (P treated infants, r=0-47 with a slope of -0 47, p<0-001; E treated infants, r=0-35, slope=-0-48, p<0-001). The figure shows a consistent time lag for postnatal age at onset of ROP in infants treated with vitamin E. The mean age at onset of ROP in the right eye of P treated infants with retinopathy is 6-9 weeks (SE 0 2) compared with a mean age of 8-3 weeks (SE 0 2) for E treated infants with a mean E-P difference of 1-3 weeks (SE 0-3) (t=4-004, p<00O00 1). It is apparent from the figure that, regardless of study medication, infants born earlier in gestation develop ROP at a later postnatal age than infants born later in gestation (note negative slope of regression lines).
Also apparent in Figure 1 but not as easily discernible is the fact that infants born earlier in gestation develop ROP earlier after conception than infants born later in gestation. For example a child born at 27 weeks GA will develop ROP around 34-35 weeks postconceptional age (GA at birth+postnatal age) compared with a child born at 32 weeks who will develop ROP at 36-37 weeks postconceptional age. This is clearly seen in Figures 2 and 3 which plot the postnatal age at onset of ROP vs postconceptional age at onset of ROP for each P treated infant (Fig 2) and for each E treated infant (Fig 3) . The mean postconceptional age at onset of ROP in P treated infants is 36-7 weeks (SE 0 22) and in E treated infants is 37-7 weeks (SE 030) (t=2-68, p<0-01). The positive slope of the regression lines for both the P (intercept 33-1, slope +0 52) and E treated (intercept 31-5, slope +075) populations again show that infants who develop ROP earlier after conception (y axis) also manifest the retinopathy sooner after birth (x axis). 18 and which in some infants result in the early vascular abnormalities of ROP.
Vascularisation of the inner retinal layers, which are farthest from the choroidal circulation, develops in response to the increased oxygen needs of the differentiating retina.'3'4'9 Abnormalities of the developing vessels probably occur during periods of vessel growth and they appear to become manifest later after birth but earlier after conception in infants who are born very early compared with less early in gestation (see Fig 1) . This suggests that both the state of retinal development and the time of exposure to the oxygen rich extrauterine environment, with its associated unphysiological perinatal events, influence the time at which the visible changes of ROP occur. If perinatal conditions' (an oxygen rich environment, hyperoxia, hypoxia, hypothermia, hypercarbia), independent of ocular growth and development, were sufficient to initiate retinopathy one would expect to see ROP at a constant postnatal age regardless of GA at birth. In other words the regression line for Figure 1 relating GA at birth and postnatal age at onset ofROP would be parallel to the x axis. This is not the case since postnatal age at onset ofROP (Fig 1) . If on the other hand the stage of development of the retina solely determined the time when ROP becomes visible one would expect the appearance of ROP at a constant postconceptional age again regardless of GA at birth. For example if all ROP first occurred at 35 weeks after conception the baby born at 25 weeks would develop ROP at the same postconceptional age as the baby born at 30 or 35 weeks of gestation -that is, the postnatal age at onset of ROP would be at age 10 weeks for the 25 week GA infant, 5 weeks for the 30 week GA infant, and at birth for the 35 week GA infant. As is apparent from Figure 1 this is not the case since postconceptional age (GA at birth+postnatal age) at onset of ROP increases with increasing GA at birth.
This observation argues for a complex relationship between immaturity and events which occur during the transition to extrauterine life. We speculate that the most likely explanation for the greater delay in time from birth to appearance of ROP in the more immature infant, compared with the less prematurely born, is the fact that, in terms of thickness and stage of differentiation, the more immature retina takes longer to reach the point at which cellular metabolic demands require ongoing vascularisation. Onset of ROP nevertheless occurs sooner after conception in the baby who is very prematurely born compared with the more mature infant who manifests ROP later after conception but sooner after birth. The perinatal and neonatal insults which lead to initiation and progression of disease are not sustained by the more mature baby as early in the course of vascular development.
The data for P treated infants as presented in Figure 2 emphasise the importance of both perinatal insults and stage of retinal development at introduction to an oxygen rich atmosphere in determining the age at onset of ROP. If there were no or minimal influence of perinatal events then for each week increase in postnatal age at onset of ROP there would be a corresponding increase of 1 week for the postconceptional age at onset of ROP. The slope of the line defining this relationship would be 1-00 and the regression line would intersect the y axis at 45 degrees. This is clearly not the case for data from P treated infants shown in Figure 2 in which the slope of the line is 0-52.
It appears that the relationship between postnatal and postconceptional age at onset of ROP has been altered by prophylactic treatment with E. As seen in Figure 3 the slope of the line showing the data for E treated infants is 0-75, rather than 0 52. This is what one would expect if the contribution of perinatal insults had been decreased, but not eliminated, by antioxidant treatment.
That both stage of development and perinatal events are important in determining age at onset of ROP differs somewhat from the conclusion of Fielder et al2' that the 'age at which ROP is first seen is controlled predominantly by stage of development rather than neonatal events'. It should be pointed out however that these authors also noted that infants with gestational ages less than 28 weeks at birth developed ROP 2 weeks earlier after conception than later born infants (33 7 vs 35 7 weeks, respectively).
New vessel formation in the normally developing retina in both the intrauterine and extrauterine environment is believed to be governed by a graded hypoxic stimulus originating from hypoxia-related angiogenic factors in tissues near the junction of vascularised and non-vascularised retina. If the abnormal vessel formation in the retina with ROP results from oxygen-induced capillary die-back and the associated increase in hypoxia-related angiogenic factors, as suggested by Patz'3 and Ashton,'4 then the area of differentiated retina requiring new growth (or regrowth) of vessels would be the limited area near the junction of vascularised and avascular retina. This band of relative hypoxia would be smallest in the least mature retinas (vascularised only into zone 1) and largest in those retinas with vessels extending well into zone 2 which occupies a much larger area. ROP should occur therefore sooner after conception in those infants born with retinal vascularisation into zone 2. One would not expect the postconceptional age at onset of ROP to be less in the infants born most prematurely with vascularisation confined to zone 1, as was the case in our data (Figs 2 and 3) . If however as in the spindle cell theory of ROP,1 '2 the extent of insult to the avascular spindle cell-populated retina (which varies inversely with postconceptional age) determines the magnitude of angiogenic stimulus, then one would expect the magnitude of this stimulus to be greatest in the most prematurely born infants. Such infants would probably manifest more severe retinopathy sooner after conception but later after birth than their later born counterparts. Arguing from these premises our data are better explained by the spindle cell than by the capillary die-back theory of ROP. Finally what is the significance of the time delay in ROP seen in E treated infants and what is its relevance for the clinician caring for the child at risk for ROP? As seen by the essentially parallel regression lines for P and E treated infants shown in Figure 1 the delay in onset of ROP caused by prophylactic antioxidant administration is remarkably consistent across the study population even for infants below 28 week GA. Kretzer and Hittner'8 21 have suggested that vitamin E would be minimally effective in preventing retinopathy in infants below 28 weeks of gestation because the developing interstitial retinol binding protein transport system cannot efficiently transport vitamin E from the outer to the inner retina prior to that point. However even in these smallest infants they found that vitamin E decreased the overall severity of disease and postponed the age at which sight threatening ROP was seen. The clinical data from this trial, as well as our earlier work,22 are consistent with this observation and suggest that when postnatal vitamin E does not prevent ROP it nevertheless delays its onset. This amounts to a considerable clinical advantage since the earlier the onset of ROP the more likely it is to progress to severe retinopathy. '3 Furthermore the E related delay in time to peak disease which we observed in this clinical trial24 would result in an infant who is older and probably more stable when cryotherapy for threshold ROP2' is indicated. As pointed out in our earlier report' the optimal serum level and regimen of prophylactic E supplementation is not certain, but should probably be one that achieves serum total E levels in the physiological range (1-3 mg/dl) soon after birth. Serum E levels in the pharmacological range should not be used for prophylaxis but show promise for treatment of severe ROP. The exact mechanism of the delay observed in this study population is open for discussion but it probably hinges on the ability of vitamin E, a biological antioxidant, to stabilise membranes, decrease oxidant damage, and promote healing. 2 26 27 
